We investigated the effects of fructooligosaccharides (FO) feeding on the absorption of iron (Fe), calcium (Ca) and magnesium (Mg) and on the biochemical parameters in Fe-deficient anemic rats. Fe-deficient anemic rats were made by feeding an Fe-deficient diet for 3 weeks. Then these Fe-deficient rats were fed an experimental diet that contained one of two levels of Fe (15 or 30mg/kg diet), in the form of ferric pyrophosphate, and one of two levels of FO (0 or 50g/kg diet) for 2 weeks. After the rats were fed these experimental diets, FO-feeding increased the hematocrit ratio, the concentration of hemoglobin and the hemoglobin regeneration efficiency during the first week. Also, the apparent absorption of Fe was increased by FO-feeding. The levels of Fe in the diet did not affect the absorption of Ca and Mg. However, FO-feeding increased the absorption of Ca and Mg. FO-feeding lowered the pH and raised the solubility of Fe, Ca and Mg in the cecal contents, suggesting that those increasing effects of FO-feeding on absorption of these minerals is correlated with fermentation of FO in the large intestine, namely, the cecum and colon. We concluded that FO-feeding improved recovery from anemia and increased the absorption of Fe, Ca and Mg in Fe-deficient anemic rats.
A. OHTA et al.
of Ca, Mg and phosphorus (P) in healthy rats (10, 11) . The same effects were observed with other undigestible carbohydrates, such as resistant starch (12) , lactulose (13) and inulin (14) . The undigestible carbohydrates were fermented by the luminal bacteria in the large intestine, namely, in the cecum and colon. Many reports have suggested an important correlation between increase in the absorption of minerals and fermentation of such undigestible carbohydrates in the large intestine (10) (11) (12) (13) (14) . However, the effects of such undigestible carbohydrates on Fe adsorption have not been reported. Therefore, in anemic rats, if FO-feeding has the same increasing effect on the absorption of Fe as it does on Ca and Mg, recovery from anemia is improved. Few data have been published on the interactions between anemia and the absorption of minerals such as Ca and Mg (15) (16) (17) , and the absorption of Ca and Mg has been reported to be decreased in rats fed an Fe-deficient diet (18) . Moreover, in anemic rats, the increasing effects of such undigestible carbohydrates on Ca and Mg adsorption have not yet been confirmed.
In the present study, we investigated the effects of FO-feeding on the absorp tion of Fe, Ca and Mg in Fe-deficient anemic rats. It is difficult to evaluate the effects of FO-feeding on the recovery from anemia because, in the anemic rats, the absorption of Fe was increased (19) and Fe-deficient anemic rats recover from anemia very rapidly by feeding an Fe-containing diet. Therefore, ferric pyrophos phate which is a low-bioavailability iron source (20) and is added to many Fe-supplement foods, was used as the iron source in the experimental diet. Hemoglobin-Fe (HI) (mg)=(body weight (g))
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RESULTS
Body weight and food intake Body weight and food intake are shown in Table 2 . Increasing Fe concentra tion in the diet increased the final body weight and food intake. FO-feeding did not affect the body weight and food intake. A. OHTA et al. Biochemical parameters of Anemia Changes in the hematocrit ratio and hemoglobin concentration during the experiment are shown in Table 3 . An increase in the concentration of Fe in the diet increased the hematocrit ratio at experimental days 3, 7, 10 and 14. FO-feeding increased the hematocrit ratio at experimental days 3 and 10. An increase in the concentration of Fe in the diet increased the hemoglobin concentration at experi mental days 3, 7, 10 and 14. FO-feeding increased the hemoglobin concentration at experimental days 3, 10 and 14. SI, UIBC, TIBC and HRE are shown in Table 4 . During the first week of the experimental period, FO-feeding increased HRE. During the second week of the experimental period, an increase in the concentra tion of Fe in the diet increased HRE. SI, UIBC and TIBC were improved by increasing the Fe concentration in the diet. However FO-feeding did not affect SI, UIBC or TIBC.
Absorption of Fe, Ca and Mg
The absorption of Fe, Ca and Mg is shown in Table 5 . FO-feeding increased the apparent absorption ratio of Fe, Ca and Mg during both periods (experimental days 3-6 and 10-13). An increase in the concentration of Fe in the diet increased the apparent absorption of Fe during the second period (experimental days 10-13), but did not affect the apparent absorption ratios of Ca and Mg.
Weight and pH of the cecal contents and the distribution of Fe, Ca and Mg in the cecal contents
The weight and pH of the cecal contents and the distribution of Fe, Ca and Mg are shown in Table 6 . The weight of the cecal contents were increased and the pH of the cecal contents were reduced by FO-feeding. FO-feeding increased the liquid phase and decreased the solid phase of Fe, Ca and Mg in the cecal contents. Therefore, FO-feeding increased the ratios of the liquid phase to the solid phase of Fe, Ca and Mg. An increase in the concentration of Fe in the diet increased the solid phase and decreased the ratio of the liquid phase to the solid phase of Fe in the cecal contents. DISCUSSION FO-feeding improved recovery from anemia based on the hematocrit ratio, hemoglobin concentration and hemoglobin regeneration efficiency (HRE) in Fe deficient rats. FO-feeding also increased the apparent absorption of Fe. This is one of the reasons why FO-feeding improved recovery from anemia.
Some type of pectin which is an undigestible and fermentable carbohydrate, increased HRE in Fe-deficient anemic rats and increased the apparent absorption of Fe in healthy rats (22, 23) . The mechanism of Fe-absorption is not clearly understood yet. However, solubilization of Fe is essential before it can be absorbed in the lumen (15) . The increasing effect of these pectins on Fe-absorption was suggested to be caused by inhibiting the insoluble complex formation with Ca, phosphate or other nutrients in the lumen (22, 23) . However, FO are neutral carbohydrates, and do not chelate Fe directly. Therefore, FO-feeding stimulates Fe-absorption by a mechanism different from that of pectin. There are three hypotheses which may explain the stimulating effect of FO-feeding on the absorp tion of Fe. Organic acids such as lactate and short-chain fatty acids were produced by luminal bacteria from FO. First, organic acids lowered the pH of the luminal contents and raised the solubility of Fe. It is well known that ascorbate stimulates the absorption of Fe (7, 8) . Ascorbate acts in two ways: by reducing ferric iron to ferrous iron, and by forming an absorbable small molecular complex with ferric iron (1) . Lactate has also been reported to form an absorbable small molecular complex with ferric iron (24) . Second, lactate which was produced by luminal fermentation of FO formed an absorbable small molecular complex with Fe. It has been reported that high levels of dietary Ca supplementation decreased the absorp tion of Fe (16, 17) . Because Ca supplementation stimulates the formation of an insoluble complex of Fe with Ca in the lumen. Third, increased Fe absorption follows an increase in Ca absorption by FO-feeding.
In rats, the main site in the lumen where the undigestible carbohydrates are fermented by luminal bacteria is the large intestine, namely, the cecum and colon. There is relatively little fermentation of undigestible carbohydrates in the small intestine. Although the role of the large intestine on the absorption of Fe is not known entirely, our data suggested that the large intestine is able to absorb Fe.
The absorption of Ca and Mg were reportedly reduced in Fe-deficient anemic rats (18) . In our present study, an increase of Fe in the experimental diet improved the recovery from anemia, but did not affect the absorption of Ca or Mg. Moreover, also in Fe-deficient anemic rats, as in healthy rats, FO-feeding increased the absorption of Ca and Mg. These results suggested that anemia did not affect Ca and Mg absorption directly, at least in the short-term period.
We concluded that FO-feeding improved the recovery from anemia in the Fe-deficient anemic rats. This effect might be due to increased absorption of Fe. Also, FO-feeding increased the absorption of Ca and Mg in anemic rats.
